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Abstract:

Purpose: In this paper, a combined Production Line Design (PLLD) process which includes many

design aspects is presented, developed and validated.

Design/methodology/approach: The PLD process is based on the SADT (Structured
Analysis and Design Technique) diagram and the Axiomatic Design (AD) method.

Findings: The results of the validation indicated that the production line designed by this

process is outperformed the initial line of the company.

Practical implications: For a purpose of validation, this proposed process has been applied in a

manufacturing company and it has been validated by simulation.

Originality/value: Recently, the problems of production line design (PLD) have attracted the
attention of many researchers. However, only a few studies have treated the PLD which includes
all design aspects. In this work, a combined PLD porcess is presented. It should be noted that the

proposed process is simple and effective.
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1. Introduction

Facing competition, the most rapid emergence of new products, changing consumer fashions and
globalisation, the entreprises are forced to call into question the efficiency of their design methods to
keep their competitive edge and ensure their survival. The production system design is responsible for
the selection, implantation and provision of resources. Furthermore, designing a production system to
achieve a set of strategic objectives involves making a series of complex decisions over time (Hayes &
Wheelwright, 1979). For this reason, the design of production systems has always been an important
problem in industrial engineering (Dolgui, 2001). Nowadays, production systems are characterized by
short lifecycle time of products and production systems, high level of automation, emergence of new
manufacturing equipment and technologies, and high investment for building modern production lines
(Rekiek, Dolgui, Delchambre & Bratcu, 2002). For large-scale enterprises, configuration of new
production line is likely to need many production functions. Furthermore, a long design period is
required (Essafi, Delorme, Dolgui & Guschinskaya, 2009). Consequently, the search of an optimal line
configuration which minimizes line investment cost is crucial (Dolgui & Ihnatsenka, 2009). In fact,
assembly line design is an important part of the production system (Kuo & Yang, 2011). Indeed, our

objective is to find a truthful method of production line design to reach many objectives.

1.1. Related Works

In recent years, many studies have dealt with different facets of production line design to reach several

objectives through several methods.

Graves and Lamar (1983) have developed an integer programming cost-based model to the problem of
automated system design. Their aim has been to determine the type and the number of stations, and
the operations assigned to these stations. Lenz, Rubinovitz and Bukchin (1993) have described a
heuristic approach for designing and balancing of a robotic assembly line. The authors presented a
recommendation of the optimal set of heuristic rules which is made based on results of extensive
testing of this problem with a variety of assembly line problems. McMullen and Frazier (1998) have
used a “Simulated Annealing” (SA) to solve assembly line balancing problem to minimize the design
cost associated with both labour requirements and equipment requirements. Asar and Andrew (2001)
have presented a Knoweledge Based Design Methodology (KBDM) which can be applied on
automated and manual assembly lines that produce single, multi and mixed product assembly lines with

either deterministic operation times or stochastic operation times.
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Guschinskaya, Dolgui, Guschinsky and Levin (2007) have proposed a heuristic multi-start
decomposition approach to get an optimal design of serial machining line. Dolgui and Ihnatsenka
(2009) have used the branch and bound algorithm for a transfer line design. Their goal is to perform
each operation one time and to minimize the total cost of line while all the precedence, cycle time, and
compatibility constraints are satisfied. Xu, Ko, Cochran and Jung (2012) have presented a methodology
based on linear models that can be used to integrate ergonomic measures of upper extremities into an
assembly line design problem. Nourmohammadia, Zandiehb and Tavakkoli-Moghaddamca (2013) have
proposed a new population-based evolutionary algorithm, namely Imperialist Competitive Algorithm
(ICA) to address the U-type assembly line design problem. The aim of this approach is to minimize the

line efficiency and the variation of workload.

The literature has included a large variety of other reviews that are related to the production lines
design problems (balancing, ergonomic measures, configuration etc.) and many methods to solve these
problems such as Progressive Approach (PA) (Lan, 2007), A hierarchical Fuzzy Inference System (FIS)
(Nada, Elmaraghy & FElmaraghy, 20006), swarm optimization (PSO) algorithm (Kuo et al., 2011),
moderately robust optimization approach (Nazarian & Ko, 2013). But, each studied problem represents
one step of production line design. In fact, these studies have presented limits to the application of
their methods due to the absence of a global process for the production lines design. This process
takes account of all steps of production line design (problems) which undergo changes in the order of

treatment according to the line type.

This paper introduces a new model of a global process for the production lines design for assembly
lines semi-automatics that produce multiple products. This process combines AD method and SADT
to generate several feasible and potentially profitable designs. The outline of the rest of this paper is
organized as follows: Section 2 presents an AD method and their key concept detected in the literature.
Section 3 explains the proposed conceptual design which is decomposed by the SADT diagram and the
hierarchical decomposition. Section 4 deals with a case study of a manufacturing assembly line design

with the proposed design process. Finally, the main conclusions of the study are presented in Section 5.
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2. AD Method and Their Key Concepts
2.1. AD Method

The AD method has been created about 10 years before and conceived as a systematic model for
engineering education and practice (Suh, 1990). AD is a structured design method created to improve
design activities by establishing criteria on which potential designs may be evaluated, and tools for
implementing those criteria (Suh, 2001). The principles of AD present better design solutions in the
shortest time as they provide a systematic research process in a design space which becomes
complicated with customer requires (Kulak, Cebi & Kahraman, 2010). Also, AD constitutes a
formalized methodology that can be used to represent a variety of design problems (National Academy
of Engineering, 2002), especially in the design processes of product, production systems, software and

many others design problems.

In the last 20 years, many reviews have appeared in the literature concerning the domains of AD which
has a usefulness of basic principles for analyzing, comparing, and selecting solutions. First, Suh (1990)
has introduced AD theory and principles. Then, he has applied this approach in various fields such as
structural design in structures of civil engineering (Albano & Suh, 1992) and artificial skin design
(Gebala & Suh, 1992). Afterward, he proposed AD method in order to make decisions during the
design stage of product and process development (Suh, 1995) affecting product quality and process

productivity.

Arinez and Cochran (2000) have defined an equipment design approach based on axiomatic design.
This approach is used to analyze and decompose the requirement of equipment design into design

parameters.

Lindkvist and Soderberk (2003) have developed a software tool based on the AD to evaluate and
analyze the design of assemblies with respect to degree of geometrical coupling and robustness.
Houshmand and Jamshidnezhad (2006) have developed an axiomatic design modeling of lean
production system design. Schnetzler, Sennheiser, and Schonsleben (2007) have presented an AD
method to support supply chain management with information management and information
technology. Hachicha, Masmoudi and Haddar (2008) have combined the axiomatic design and
experimental design to cellular manufacturing system design. The authors have tried to generate several

feasible and profitable designs.

Taha, Soewardi and Dawal (2014) have explored the ergonomics design parameters of the virtual
environment to minimize some negative side effects. The authors have applied the axiomatic design

principles to identify and define customers' preference in this type of environment. In fact, AD has
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been applied in many examples of design of manufacturing systems summarized in the Figure 1. In the
litterature, the AD has never been applied in the assembly line design problem, although it is very
difficult problem. For this reason, this work introduces the use of AD in the design of assembly line.
The aim of this work is to provide a new foundation for describing, determining and rationalizing the

design of any new assembly line.

Product and
Lean production Process design
(Houshmand & (Suh, 1995) Ergonomics
Jamshidnezhad, design (Zahari
2006) - | etal, 2014)
Axiomatic
] Reslan Information
Supply chain System
(Kannan et (Hintersteiner
al.,2014) et al., 1999)
A J
Equipments Design || cellular manufacturing
(Arinez & Cochran systems design
2000) (Hachicha et al., 2008)

Figure 1. The domains of axiomatic design application in manufacturing system

2.2. Key Concepts of Axiomatic Design

In industrial practice, engineers tend to tackle difficult problems by decomposing them into sub-problems
and attempting to maintain independent solutions for these smaller problems (Hachicha et al., 2008). This
requires an effective approach that gives guidelines for the decomposition of difficult problems and
independent mappings between problems and solutions. AD approach provides a good decomposition

mechanism.

AD defines design as the creation of synthesized solutions in the form of products, processes or systems
that satisfy the identified needs through mapping between Functional Requirements (FRs) and Design
Parameters (DPs) (Suh, 1990). The Functional Requirements (FRs) represent the purposes of the design.
FRs are defined in the functional domain in order to satisfy the needs which are defined in the customer
domain. The DPs express how to satisfy the FRs. DPs are formed in the physical domain to satisty the
FRs. The design domains are exhibited in Figure 2. As depicted in Figure 2, the needs’ design is described
in the customer domain by the customer need vector, {CN}; in the functional domain by the functional
requirement vector, {FR}; in the physical domain, by the design parameter vector, {DP}; and in the

process domain by the process vatiable vector, {PV}. The customer needs have to be mapped to the
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functional domain where these needs are transformed into a set of FRs, which by definition, are
independent. Moreover, a design should be defined with the minimum amount of information in each
domain (Ferrer, Rios, & Ciur, 2009; Suh, 2001). Not only will Functional Requirements be defined for the
new design, but also constraints will appear as a result of translating customer needs to FRs. Constraints
that are placed above all domains, must be respected during the entire design process. Then, the FRs are
mapped to the physical domain and the DPs are mapped to the process domain in terms of PVs. The
main goal of AD is to establish a scientific basis for design and to improve design activities by providing
the designer with a theoretical foundation based on logical and rational thought processes and tools (Suh,

1990, 2001).

Constraints

—

Customer Functional Design Process
Wants Requirements Parameters Variables

PP S | W [ i | i o ki

needs

e expectations
® specifications
® bounds I | | I | | I | |
= 1 1 ]
Customer Functional Physical Process
Domain Domain Domain Domain

Figure 2. All design can be represented in four domains (Suh, 1990)

In accomplishing this goal, the designer has to compose the problem in hierarchies in the functional,
physical and process domains. The construction of the hierarchy will be done by zigzagging between the
domains. The zigzagging must be located between two domains. After defining the FR of the top level, a
design concept has to be created. The design decision is made at the left to right legs of the zigzagging
path (Suh, 2001). Several examples of zigzag decomposition can be found in Suh (1990, 2001). An

elemental zigzagging cycle is shown in Figure 3.
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Left Domain: Right Domain:
representing thewhat representing thehow
as FR as DP

Level 1 F

[ ]
T1

Level 2 | *‘I‘

FR11 FR12 FR21 FR22

ZIG ZAG

-

Define the FRs
of the next level

conceptualize

2 mapping
FR=[DM] *DP

3. prove the
Independence FR = Functional Requirement
Axiom DP = Design Parameter

DM = Dasign Matrlx

Figure 3. Zigzagging between the domains to develop the Hierarchy (Suh, 2001)

In order for mapping to be satisfied between domains, two axioms must be respected (Suh,1990):
Axiom 1: The Independence Axiom

Maintains the Independence of the FRs

Axiom 2: The Information Axiom

Minimizes the Information Content of the design

Furthermore, the fact that axioms can be generalized allows the AD to be effective and powerful in

different design areas (Kulak et al., 2010).
Using mathematical terminology, these mappings are denoted by Equation (1):
{FR,} =[DM] {DP} 1)

Where [DM] is the design matrix for design conceptual. The elements of the design matrix indicate the
effects of changes of the DPs on the FRs (Tate, 1999). It is necessary to ensure that the design matrix as
established satisfies the axioms of AD principles (Suh, 1990). In order to satisfy the independence axiom,

Suh (2001) has suggested that the design matrix must be the diagonal matrix or triangular matrix. If the
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design matrix is diagonal, the design will be uncoupled, if the design matrix is triangular, the design

solution will be called as decoupled. Otherwise, the design is named as coupled (Suh, 1990).

3. The Proposed Conceptual Design

The proposed process for assembly line design is decomposed into three steps. Firstly, a SADT diagram
is developed. Secondly, the hierarchical decompositions of FRs and DPs are deduced from SADT

diagram. Finally, the matrices designs are built.

3.1. Step 1: SADT Diagram

The first step of the proposed process is the SADT diagram (Structured Analysis and Design Technique).
It is an American method which has been introduced by Doug Ross since 1977. The SADT is used to
model the decisions, actions, and activities of a manufacturing system in a structured graphical form. It
presents a powerful tool of analysis and development for the manufacturing enterprise. In this paper, the
SADT method is used to assure obtaining diagonal matrix. That is the satisfaction of the axiom of the
independence and the axiom of information into the application of the AD method. The development
of the diagram SADT started by the first activity box A-0 of SADT diagram as displayed in Figure 4. The
inputs are exhibited as arrows entering the left side of the A-0, while the outputs are shown as outgoing
arrows on the right side of the activity box. The controls are shown as arrows entering the top of the A-
0, and mechanisms or means used to carry out A-0 are shown as arrows entering from the bottom of the

box. The inputs, outputs, controls and mechanisms are referred to as concepts.

Demand of Objectives Available
customer(delays,\ space
quality,etc.) Yy

Make production
Line design | system design = Output of
“data *  (Caseofa | jine design
A production line)
0

Available resources

Figure 4. Assembly line design (level -4y)

The concepts of diagram SADT are based on many hypotheses and a specific problematic on the line

which will be designed, such as:
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Hypotheses:

* The line type is a semi automatic
* A multi product is treated in this line

*  Each machine (resource) type necessarily has the ability to perform any assembly task.
Problematic:

How to select resources (available in the market) to implant them in an available space (shop) to reach

many objectives (in terms of performance)

According to these hypotheses and this problematic mentioned above, the concepts of A-0 are built as

follows:
Inputs of A-0: Data of the assembly line design:

*  Operations of transformation
*  Matrix of impact

* Nature of resources
Outputs of A-0: Qutputs of line design are:
Better assembly line design and workload smoothness between stations for desired cycle time.
The point of control:

e  Demand of customer
* Available space when the resources will be implanted

*  The objectives to reach
The means used to perform A-0: Available resonrces in the market:

A strategy to organize the development of SADT diagram is the notion of the hierarchical
decomposition of activities. The decomposition of A-0 is performed inside this activity into smaller
activities. This hierarchical structure keeps the scope of the model designed within the boundaries
represented by the proposed hypothesis. These multi-level activities progressively expose more details at

each level. Each level is simple to understand in comparison to the complexity of the whole model.

This assembly line design problem involves constructing five distinct classes of design problems such as:

Balancing (Scholl, Fliedner & Boysen, 2011), configuration (Nourmohammadi et al., 2013), selection of
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resources (Miralles, Garcia-Sabater, Andrés & Cardés, 2008), transport (Asar & Andrew, 2001) etc. Then

the activity A-0 is decomposed in five small activities as it is indicated in Figure 5.

Objectives Customers demand Space  Means of transport
Operations of +
transformatiglny y v
Matrix of I Selection of | Precedence graphland
mpact || resources | the Processing tinjes
Namre? A, ! vy e
resources Capac1t_y of assembly line
production Balancing design and
Qualification Noj workload
of operators A,  / ; —~Yes| smoothness
Number of Line f Yenficapon rBletween
Transport ine lorm ;
resources A stations for
A desired cycle
Parameters|of flux | Configuration bl
(Quantities or
economic lot, time) A, Validation of
Production approach (by |y
flux type 51m1111aF1011‘11 0T [objectives
All selected necessary parameters | e

Figure 5. Activity Ay

Each activity is decomposed into a set of other activities to detail each design problem as indicated in the

following Figures 6, 7, 8, 9 and 10.

The resource selection is decomposed into two problems: the selection of equipment and the selection

of human resources as indicated in Figure 6.

Operations
of transformation
Matrix of impact
—>

Nature of
resources

Obj

ectives

Customer demand

\

Ay

Selection of equipments
for each station
(machine, tools...)

Productive flux

Number of operators

Y

Selection of Human
Resources (HR)

operators

Figure 6. Activity 4;: Resources selection
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The balancing is the problem of partition of operations to stations, of sizing buffer between and

selection of transfer between stations as shown in the Figure 7.

Space
Precedence Graph with ¢
the processing times
Capa(.:ity O.f productioln Partitions of operations Productive flux
Qualification of
operators v
with their times Sizing of buffers
4
Buffer size Selection of transfert umber of resources
(operators, machines)
Ay

Figure 7. Activity A,: Balancing

In order to solve the transport problem, the means of transport have to be identified and their

parameters have to be determined as indicated in Figure 8.

Means of transport

v

Selection of means of
transport (nature, number,
tools..)

Number of
resources

Means of transport tools

y

Determination the g?fr:nasragr;fters
Number and nature of . | parameters of transport P
Transport means " | (capacity, size transport Line form
lot, time..) —

Figure 8. Activity A5: Transport

According to the parameters of transport and the line form, the final configuration of line can be

determined by new implantations and some modifications of organisation as shown in Figure 9.
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The parameters
of transport

Line form >

suppression) machines,

gl e (@ Disposition of stations

equipments, etc..

Modification of
Activities of organisation
the production unit (operations, tasks,
operators)

Figure 9. Activity .A4: Configuration of line

TY'De of production

flux

The last activity demonstrates the steps of validation of the proposed process. The validation consists in

the modelling and the simulation of the assembly line (founded by computer’s program) to extricate the

indicators of performances as indicated in Figure 10.

Type of
production

All necessa
parameters

selected

Modelling and validation

As

Condition of running

4

Development computer’s
program of simulation

(datas and variables) and validation

reach
| -

Indicateurs of performance

objectives

Figure 10. Activity A4s: Validation (by simulation)

3.2. Step 2: Hierarchical Decomposition

According to the SADT Diagram and the graphic representation of SADT diagram, the hierarchical

decompositions of FRs and DPs can be built as shown in Figures 11 and 12 respectively. The activities

consist in the FRs (A; = FR)) and the interconnections between the activities form the DPs.
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FRo: Make production system
design

|
¢ v ¥ ¥ ¥

FR; : resources FR,: FRs : Transport FR4 : Configuration FRs : Validation of
Selection . h
Balancing ' approctis

T + + I

v v FR31. Selection FR3,. v v
FRy1. FRi3: means of Determination of FRs; : FRs,. Development
Selection Selection transport parameters of Modelling and computer model of
equipments human (nature, transport validation simulation and

for each resources for tools...) validation
station each station ¢ ¢

l FR4: : Implantation || FRs: Modification of

= = (or suppressions) organisation
FR,; @ Partition FR,2 : Sizing FR,3 : Transfer machines, (operations, tasks,
of operations of buffers selection equipments, etc.) onerators)

Figure 11. The hierarchical decomposition of FRs

DPy: Process to make the production line design

v v y v v

DP;. Matrix of impact DPa: A qualification of DP;: DP4. Form of line DPs. All selected
and nature of resources || operators, capacity of Number of and the parameters necessary parameters
with all transformation production and a resources of transport .

operations precedence graph with ¥ ¥
all the processing i
| times DPs;. The DPs,. Condition of

v v parameters of running with data

DPy;: DP;,. Productive DP3; : DP 3;: Means of modelling and the and variables of
Nature of flux and number Productive transport type of productive model

equipments of operators flux form flux

v v ¢ l

DP,;. Affectation DP,,. Productive DP,s. Size of i ;i i
of operations to flux, stations and buffer ?P‘”: Capacity DPy; Disposition of

stations theirs station times of onebore anc stations and Activities

of production of the production unit

and a line form

Figure 12. The hierarchical decomposition of Dps

3.3. Step 3: Matrices Design

To maintain the independence axiom, the design matrix must be either diagonal/uncoupled ot
triangular/decoupled  (Suh, 1990, 2001). According to SADT diagram and the hierarchical

decompositions of FRs and DPs, the design matrices are built as follow:

The design Equation (2) describing the relationship between FRs and DPs at the first level is given by:
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FR, X000 0 DP,
FR, XX 00 0 DP,
FRs > =1 XXX 0 0 DP; @)
FR, XXXX 0 DP,
FRs XXXX X DPs

The symbol «X» signifies a strong relationship between the FRs and DPs. The value of «X» is non-zero.
The equation presents a decoupled design or lower triangular design matrix where each FR is satisfied by

a DP. The design obtained is acceptable.

The design matrices of level (2) are the following Equations (3), (4), (5), (6) and (7)

FR“ _ X O DPll (3)
FRu o XX DPlZ

FRy, X 00 DP;,
FRpo=1 XX 0 DP,, 4
FRy; XXX DP»;

~
FRy| _ | X0 | JDPy 5
FR32 XX DP32
J
- ~
FR,L _ | X0 DP,, ’
FRo[ ~ | XX DP,, ©6)
- J

- N
FRS 1 — X0 DPS 1 (7)
FR52 X X DPSZ
(.

The design matrix presented in Equations (3), (4), (5), (6) and (7) for the second level shows a decoupled

design. It is an acceptable design at the second level where all elements are independent each other. Then
each design activity (FR-DP) is formed without affecting the others. This affirms the satisfaction of the

two axioms.
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4. Case Study: Design of an Assembly Line Manufacturing System

A proposed process is applied in a real industrial example that verifies the proposed hypotheses. The

example consists in an assembly line of jacket of the DIADEM society (http://wwwmade-in-

tunisia.net/vitrine/2 infos generales.php?tc] =IKmSmKiY) that is a confection manufacturing company. A semi

automatic line of multiple products (several shapes of jacket) is studied in this company.

The validation is based on the comparison between the performance indicators of the proposed process
of design and the performance indicators of this real assembly line. The application of the design process

on assembly line of jacket is as follows:

(All data figured in this study are taken from the technical manual of this company.)

4.1. FR1: Resources Selection
DP1: Nature of resources with all transformation operations

* Transformation operations

The execution operations are presented in Table 2.

e Nature of resources

The execution of transformation operations needs operators and machines.
FR711: Selection equipments for each station

* DP11: Nature of equipments

The workshop needs five types of machines as indicated in Table 1.

Type of machines Designation

Machine of serging M1
Machine simple stitcher M2
Machine of hem M3
Iron to iron M4
Pimply M5

Table 1. Type of machines
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FR712: Human resources selection for each station

DP12: Number of operators

This workshop of confection works with two lines that have common machines. In fact, the
capacity of operations 7, 8, 27, 34, 35, 306 is very high which can work for both lines at the same
time. In order to balance only one line, the time of these operations will be multiplied by two.

Since each operator performs some operations, the initial number of operators is 22 operators

and the number of machines is 19 according to the Table 2.

. . Operation Number of . Occupation rate
Unit operations . . Machines .
time (in min.) operators of operation

1 | To close crowbar 2 20%
1 M2

2 | Slanted pose 1 10%

3 | Preparation of height 2 1 M2 20%

4 | Mounting of size + bottom pocket 1.5 15%

5 | Tackling pocket 4 1 M2 40%

6 | Close’s pocket 3 30%

7 | Sutjet melts pocket 4 40%
1 M1

8 | To close bag of the pocket 4 40%

9 | Mounting parmenture 2 20%
1 M2

10 | Topstitch invisible of parmenture 2 20%

11 | To close crowbar back 2 20%
1 M2

12 | Pose slanted back 1 10%

13 | Preparation passing 1 10%
1 M2

14 | Stop of the closing of front+ spine 5 50%

15 | Assembly cuts up sleeve + slanted 4 40%
1 M2

16 | To close sleeve + slanted 4 40%

17 | Assembly shoulders + sides 3 1 M2 30%

18 | To close middle collar + neck + triquet 2 1 M2 20%

19 | Colissages neck + invisible surpiquer 3 30%

20 | Installation neck 3 1 M2 30%

21 | To close neck 2 20%

22 | Installation watt 1 10%
1 M2

23 | Installation sleeve 4.5 45%

24 | Preparation grasps 4 1 M2 40%

25 | Topstitch of the ceinture 4 1 M2 40%

26 | Preparation understudy 10 1 M2 100%

27 | Hem invisible low sleeve + bottom jacket 10 1 M3 100%
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gl g g P g ]

: : Operation Number of g Occupation rate
Unit operations 5 T Machines .
time (in min.) operators of operation
28 | Mounting of epaulet 2 20%
1 M2
29 | Mounting of understudy 8 80%
30 | Ironing of jacket 2.5 25%
31 | Ironing installation understudy 3.5 1 M4 35%
32 | Ironing of collar + understudy 2.5 25%
33 | Pose button + Buttonhole 8 1 M5 80%
34 | Finish 1 0 80%
35 | Finished control 8 1 0 80%
36 | Packing + cardboard 8 1 0 80%

Table 2. The transformation operations and the occupation rates

4.2. FR2: Balancing

DP2: A gualification of operators, capacity of production and a precedence graph with all the operation times

Qualification of operators

The steps of jacket assembly have been made by operators supposed to be qualified.

Precedence graph

The precedence graph of the jacket is exhibited in the Figure 13.

ODependent operation
O Independent operation

— The flux of the operations order

— —p The place of the independent operation

Figure 13. The precedence graph
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*  Capacity of production for each operation

Each operation has been timed in Table 2 as using the rotation operator method.
FR21: Partition of operations
* DP21: Assignment of operations to stations

The classical line-balancing problem (ALB) deals with the affectation of each task to a
workstation such as the idle time, which is minimised, and precedence constraints between tasks,
which are satisfied for a given cycle time. In this case, only the precedence constraints are taken
into account. Then, the assignment of operations to the stations has been made by the
occupation rate of every operator, which is calculated by Equation (8). The occupation rate of

each operator must not exceed 100%.

Unit period o
Max(Unit period) ®)

Occupation rate =

In this workshop, the balancing method is based on the combination of operations. Indeed, the
assignment of the operations to the stations as indicated in Table 3. As depicted in Table 3, the obtained
number of stations is 16 implying the number of operators is 16 because every station is occupied by one

operator.

Occupation rate of Occupation rate of .
. Station
every operation every operator
1 20%
10%
20% 80% 1
11 20%
12 10%
4 15%
5 40% 85% 2
6 30%
7 40%
80% 3
8 40%
9 20%
10 20%
100% 4
13 10%
14 50%
15 40%
16 40% 100% 5
18 20%
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N e i || e et Station

17 30%
22 10% 85% 6
23 45%
19 30%
20 30% 80% 7
21 20%
24 40%
25 40% 80% 8
26 100% 100% 9
27 100% 100% 10
28 20%

100% 11
29 80%
30 25%
3 35% 85% 12
32 25%
3 80% 80% 13
34 80% 80% 14
» 80% 80% 15
36 80% 80% 16

Table 3. Stations

According the Table 3, the precedence graph becomes as the following Figure 14.

Figure 14. The final precedence graph
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FR22: Sizing of buffers

e DDP22: stations and their times

Once the stations are identified then the capacity of each station can be determined as indicated
in Table 4. The station time is the sum total of all the processing time of operations which are

executed in this station
FR23: Transfer selection

e DP23: Size of buffer

The size of buffer is calculated by the difference between the capacities of two successive stations

as it is indicated in Table 4.

It should be noted the capacity of this line is the capacity of bottleneck station: 6.00 pieces/hour
(p/h) and the buffer has a small size. In fact, all operators have the same capacity. The operator
which troubles the capacity of this workshop has to be replaced by another operator more

qualified.

4.3. FR3: Transport
DP3: Number of resources

According the Tables 3 and 4, the assembly line needs 16 operators and 13 machines as indicated in

Table 5.
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Station Station time Capacity The size of buffer
(in min) (p/h) (p/h)

1 8 7.5
0.5

2 8.5 7
0

3 8 7.5
1

4 9.5 6.5
0.5

5 10 6
0

6 8.5 7
0

7 8 7.5
0

8 8 7.5
1.5

9 10 6
0

10 10 6
0

11 10 6
0

12 8.5 7
0

13 8 7.50
0

14 8 7.5
0

15 8 7.5
0

16 8 7.5

Table 4. Sizing of buffer

Type of machines Designation =~ Number

Machine of serging M1 1
Machine simple stitcher M2 9
Machine of hem M3 1
Iron to iron M4 1
Pimply M5 1

Table 5. Number of machines

FR31: Selection of means of transport (nature, tools. ..)

DP31: productive flux form

The productive flux is unidirectional with the exception of machines that belong to two lines.

Therefore it is necessary to choose a mean of transport that can change its direction easily.

FR32: Determination of parameters of transport

DP32: Nature, means and tools of transport

This type of assembly line needs the box as tool of transport and the operator as mean of

transport.
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4.4. FR4: Configuration
DPA: The parameter of transport and line form

The line has two parameters of transport which are the lot of the transport size and the capacity of
transport. The size of transport varies according to the order of product (max: 50 pieces) and the
transport time of operator between two workstations is 60 seconds then the capacity of transport is 3600

pieces/hout.

According to the process of jacket manufacturing example, the stations are organized linearly with the
exception of stations that belong to the two lines such as stations: 3, 10, 13, 14, 15 and 16. The

configuration of the line can be represented as indicated in Figure 15.

Line 1 -
Packing
Machine of hem Machine of serging Finished control |
Finition
Line 2
Pimply

Figure 15. Line configuration

FR41: Implantation (or suppressions) machines, equipments, ett.

e DP41: Production capacity and a line form

According to the transport and production capacity and a line form, machines of hem and
serging will be implanted to the centre of the shop between the two lines to facilitate the handling

for the two machines.
FR42: Modification of organisation (gperations, tasks, operators)

*  DP42: Disposition of stations

According to all the parameters obtained, the stations are organized as indicated in the Figure 15

to facilitate the handling between two lines and to minimize the cycle time of production.
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4.5. FR5: Validation of Approach

DP5: Al selected necessary parameters

The necessary parameters are selected from Tables 3, 4 and 5.
FR51: Modelling and validation

* DP51: The parameter of modelling and the type of productive flux

According to all these parameters, the new assembly line is designed as indicated in Figure 16.

M4 DS
l m2 [ ] E=E
E' ] Ba;kets
=22 Ben e
Finition M2 I:l |:| M2 I:l I:I
[E] M3 ]
H B ey
M2 M2 t out
Finished lgl - g e
control
M2 |[] []| m2
- Ml ] -
Packing M2 |:| |:| M2
(- 4 [ (g?giléit:s e
M2 l:' M2 of spare =) [
m =
M2 ([ ] []] »2
EI El Productive
M2 M2 Flux
= -

Figure 16. Productive flux of the assembly line

FR52: Development of a computer model of simulation and validation

The software Arena is used, which is a powerful tool for decision support to model and simulate
manufacturing system design. For validation of the obtained line, a graphical interface that provides visual

support to model is used and a found production line design is simulated.
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* DP52: Condition of running with data and variables of model

The data base must enter of the assembly line in the menu run set up such as number of
replication (one replication) and the hours per day (8 hours/day) of line. The stopping ctitetion
can be the production quantity or residence time and the time between arrivals is a data

(3 minutes for this example). In this case, the production quantity is fixed at 100 pieces.
FR53: Verification of model

The new assembly line is modelled on the Arena software to extricate the indicators of performance. In
this work, an indicator of comparison (IC) is used between new assembly line values (NLV) and initial

line values (ILV). IC is expressed as the following Equation (9):

LV -NLV
1y

IC )

e DP53: The indicators of performances

If the Arena software is used, the verification will be established by the comparison between
indicators of performance of the new assembly line and indicators of performance of the initial
assembly line. The obtained performance indicators of two lines by simulation are indicated in the

following Tables 6, 7 and 8.

Line parameters (in min) Ancient assembly line New assembly line
Residence time 1392 1144
Transfer time 15 15
Waiting time 470 346
Work in process 44.8 43

Table 6. The assembly line results

The experimental results of the proposed process are summarised in Table 7

According to Table 7, there exists the reduction of number of operators by IC = 27, 27% and the
number of machines by IC = 31.57%. Consequently, the resources cost can be optimized (humans
and machines). The residence time, waiting time and waiting in process (pieces number pending in
line) are taken also indicators of performance of line. We notice in Table 7 that these indicators of

new line decrease by IC = 18% for the residence time, by IC = 26% for the waiting time and by
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IC = 5% for the waiting in process. These results show that the cycle time of production is

optimized.
Parameters Initial line New line IC
Number of operators 22 16 27.27%
Number of machines 19 13 31.57%
Residence time 1392 1144 18%
Transfer time 15 15 0
Wiaiting time 470 346 26%
Work in process 44.8 43 5%

Table 7. Comparison between initial line and new line

In order to confirm the balancing of the obtained line, the occupation rate of every station is calculated.
The results of Table 8 exhibited that the new assembly line is more balanced than the initial line because

the occupation rates of the new line are important and nearly equal.

Usage Ancient assembly line New assembly line
Station Occupation rate Occupation rate
1 0.58 0.71
2 0.62 0.75
3 0.58 0.71
4 0.51 0.84
5 0.58 0.89
6 0.91 0.75
7 0.62 0.71
8 0.58 0.71
9 0.73 0.89
10 0.73 0.89
11 0.73 0.89
12 0.55 0.75
13 0.59 0.71
14 0.59 0.71
15 0.59 0.71
16 0.59 0.71

Table 8. The occupation rate of station
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5. Conclusion

In this work, an approach is developed to obtain a global process for the production line design. First, a
SADT method is used to assure the satisfaction of the two axioms to find the better design. Second, the
hierarchical decomposition of AD is deduced from SADT method to construct the model of approach
and the designs matrices. Third, this approach is applied on manufacturing example for validation the
proposed design process. Then, the obtained and initial lines are modelled and simulated in Software
Arena to determine their performance indicators. Finally, the results show that the obtained line by the
proposed process is more optimized and balanced than the initial line through comparing the
performance indicators. According to this design method, the number of operators can be optimized, the
cycle time can be minimized and the obtained assembly line is more balanced than the initial line. In
addition, this approach can be applied to other types of manufacturing examples, as assembly line of tap
gas to prove that the proposed model of design is a generic model. It can be applied to any other
assembly line that presents our design hypotheses. Furthermore, the proposed process of design can be
enriched by adding other hypotheses (on the maintenance strategies, availability of operators, etc.) or
fixing constraints on the speed of machines, the cost of resources, operator skills, among others.
According to theses propositions, the proposed process can be redeveloped by having another sub levels

and details of assembly line design.
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